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1. Introduction 

 

Supercritical fluids also exhibit high compression 

efficiency near the critical point. Fluids close to the 

critical point can compress higher pressure carbon 

dioxide with relatively little energy, similar to pumping 

a liquid. Power generation systems that utilize this 

property to perform compression near the critical point 

are known as supercritical CO2 power generation 

systems [1]. These systems achieve high efficiency by 

reducing the energy required for compression and 

operate at a higher minimum pressure point than other 

power systems, resulting in a lower compression ratio. 

This, in turn, reduces the size of the turbomachinery, 

thereby decreasing the site footprint. Due to these 

advantages, supercritical CO2 power generation systems 

are gaining attention from both academia and industry as 

a innovative technology, especially for future Small 

Modular Reactor (SMR) applications [1].  
Since CO2 is also a candidate core coolant for gas-cooled 

reactors, direct-cycle S-CO2 systems are also under 

consideration, where the S-CO2 system is connected 

directly to the reactor core. This is one of the more 

attractive options for small or micro modular reactors. 

The KAIST-MMR is one such attempt, which is a direct-

heating reactor that uses S-CO2. For a reactor with such 

a small capacity, the amount of nuclear fuel is expected 

to be small even during long-term operation, and the 

direct-cycle design shows promise in avoiding excessive 

radiation exposure for maintenance workers [2]. 

Another performance expectation for small reactors is 

load-following. In general, small reactors are expected to 

have superior load-following performance compared to 

large reactors, but more research is still needed on the 

load-following capability of S-CO2 direct-cycle reactors. 

In particular, little research has been conducted to date to 

determine load-following performance from a sharp 

frequency control perspective. 

This study analyzes the behavior of a micro-modular 

reactor under abrupt frequency control using the KAIST-

MMR as an example. It aims to determine whether 

passive reactor control is possible and provides an 

analytical analysis of the reactor's behavior. 

 

 

2. Methodology 

 

This study employs the six-group point kinetics and 

reactivity feedback coefficients presented in Table 1 and 

Table 2, which are based on previous studies [3,4]. The 

reactivity feedback coefficient is dependent on the fuel 

temperature and working fluid density. 

 

Table 1. Coefficients for point kinetics 

Energy 

group 

Beta value 

(𝜷𝒊) 

Lambda value 

(𝝀𝒊) 
1st 1.86E-04 1.34E-02 

2nd  1.09E-03 3.24E-02 

3rd  1.19E-03 1.22E-01 

4
th

 2.77E-03 3.10E-01 

5
th

 1.39E-03 8.74E-01 

6
th

 6.04E-04 2.94E+00 

Effective 7.10E-03 5.53E-01 

 

Table 2. Core general information 

Design Parameter Value 

Fuel Temperature Coefficient -0.366 pcm/K 

Coolant Density Coefficient 2.063 pcm/(kg/m3) 

 

Table 3 provides a summary of the general cycle 

information of the KAIST-MMR. The layout of the 

KAIST-MMR is a simple recuperated S-CO2 cycle, and 

the entire model is calculated using the DNN-modified 

GAMMA+ code [5, 6]. 

 

Table 3. Cycle information of KAIST-MMR 

Parameter Value 

Maximum Temperature (Turbine Inlet) 823.15 K 

Maximum Pressure (Compressor Outlet) 20 MPa 

Turbine Efficiency 92 % 

Minimum Temperature 

 (Compressor Inlet) 
333.15 K 

Minimum Pressure (Compressor Inlet) 8 MPa 

Compressor Efficiency 85 % 

Turbomachinery RPM 19300 

Recuperator Effectiveness 92 % 

System mass flow rate 180 kg/s 

Reactor Power 
36.4 

MWth 

Cycle Efficiency 34 % 

 

3. Results and Discussion 

 

The analysis was conducted for a rapid frequency control 

scenario involving two selected scenarios: a 30% 

external electricity load drop in 30 seconds (100% to 
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70%) and a 30% electricity output raise in 30 seconds (70% 

to 100%). It should be noted that these scenarios provide 

a conservative estimate for a typical gas turbine system. 

Figure 1 illustrates the electrical output of the system 

under these conditions. As shown in the figure, no 

control issues were observed in the load drop scenario, 

but an overshooting phenomenon occurred in the output 

raise scenario. 

 
Figure 1. Reactor electric output during sudden drop and 

sudden raise scenario 

 

During this period, fuel average temperature and coolant 

density changes as Figure 2-3. 

 

Figure 2. Fuel temperature changes throughout the 

frequency control scenarios 

 

 
Figure 3. Coolant density changes throughout the 

frequency control scenarios 

 

The resulting reactor reactivity changes are illustrated in 

Figure 4, which demonstrates that the reactor output can 

be passively controlled without any external intervention 

in this scenario. 

 

 
Figure 4. Core reactivity changes throughout the 

frequency control scenarios  

 

In conclusion, this study has demonstrated that it is 

possible to passively adjust the core power without 

external intervention in the aforementioned scenario. 

Unlike a typical light water reactor, the removal or 

addition of system flow via inventory control has a 

greater impact on the coolant density than on the coolant 

temperature. The core output is controlled by feedback 

from the fluid pressure (density) in the core.  
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